ABSTRACT
Introduction
Postoperative drains are placed much more selectively today. Any drain that is inserted is usually to prevent the accumulation of a haematoma or seroma where this is necessary. 1 The dislodgement of a drain prematurely or the retraction of the drain into the wound can have significant adverse outcomes for the patient. 2 The factors that influence the security of the drain are the snugness of the wound around the drain, the fixation method used by the surgeon and the external pull on the drain, either from the weight of the collection bag, lack of additional adhesives around the site or indeed levels of patient mobility postoperatively.
The fixation method used depends on the individual surgeon. This study analyses the surgeon's choice, the types of fixation described in the literature and the evidence documenting the reliability and security of methods commonly used. Although there are many drain fixation methods described in the literature, there are no studies, to our knowledge, that examine qualitatively the security of common fixation methods used to fix postoperative drains and compare them with each other. The authors also describe a new hybrid method for combining two existing described fixation methods, the centurion sandal method and the plastic locking tie method. 3, 4 We hypothesise that this hybrid method will be a solution to the security of fixing both postoperative and chest drains. This study also compares this method with four other drain fixation methods to assess and compare their reliability. Appendix 1 details the different drain fixation methods described in the literature.
Materials and methods
A survey was conducted within Cork University Hospital, the largest university teaching hospital in Ireland. Fifty surgeons from all specialities (consultants and senior registrars) were asked to fill in a survey stating their fixation method of choice when securing postoperative drains and chest drains. There was a 60% response rate (n = 30) to the survey. Eighty-five percent of the consultants reported completing specialist training outside of Ireland. The survey found that methods of drain fixation most commonly used demonstrated that 90% of surgeons used the centurion sandal or lattice technique, 6.6% used the double-loop technique and 3.3% used a multiple loop technique. Based on the results of this survey, three commonly used methods were selected to compare with our proposed hybrid centurion sandal technique with two plastic ties method (Fig 1) . Our hypothesis was that the ties would reinforce the centurion sandal method by increasing the securing tension around the lattice suture and also by keeping the lattice in place. For this reason, we included a fifth method where the centurion sandal was secured by Steristrips® as another method to address holding the lattice suture in place (Fig 2) .
The five methods chosen for testing were: 1) the centurion sandal or lattice method with an additional two plastic locking ties; 2) the centurion sandal alone; 3) the centurion sandal with half-inch Steristrips; 4) the double-loop method; and 5) the multiple loop method.
The centurion sandal or lattice method has been well described (Fig 3) . 3 The double loop is similar to a clove hitch suture to the base of the drain (Fig 4) . 5 In the multiple looped method, the suture is wrapped around the drain and tied to the other strand with a full reef knot. This process is repeated eight times along the drain (Fig 5) . A 1/0 silk suture was used on each occasion for its braided and high knot security features. We used an Instron 8872® tensiometer to apply a measured force to a secured quarter-inch round PVC drain (BARD®; Fig 6) . A custom-made drain guide and clamp were inserted into the tensiometer. We chose to concentrate on the interface between the drain and the fixation method chosen and a metal loop was chosen to simulate human skin. This enabled us to test the behaviour of the drain and the reliability of the fixation method and not the suture-skin junction.
To mimic the real-life stresses to which drains of each fixation methods are subjected, we decided not to apply an 
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unnatural continuous force to the drains. To mimic patient movements and intermittent stresses that occur on the ward in the hospital setting, the tension was applied to one end of the drain in a cyclical pulsed loading fashion as opposed to a continuously applied force. Silk sutures have a tensile strength of 10 Newtons (N) and the energy to break point is 33.7 N/mm. 6 During each cycle, the force was increased gradually to a force of 30 N and repeated until failure. The cyclical force was measured using Bluehill® software measurements displayed with real-time graphs and numerical values. Each fixation method was tested ten times, the standard in the current literature, to increase validity of the results, and all fixation methods were performed by the same experienced surgeon. 7, 8 The measurements taken included the average number of cycles before failure. Failure was defined as exposure of the black dot of the drain, which is below the skin surface, or fracture of the suture (Fig 7) . We also measured the average displacement of the tube at failure as the distance in millimetres from its initial position. We also recorded whether the drain slipped through the fixation method completely. Analysis of variance was used to investigate evidence of a difference in the average number of cycles completed before failure and average displacement between the groups. If there was evidence of a statistically significant difference, multiple t-tests using a Bonferroni correction were used to investigate pairwise differences. Analysis was conducted in Stata 13 and P-values less than 0.05 were deemed significant.
Results
There was no evidence of a difference in the number of cycles between groups (P = 0.71). However, the number of cycles completed before failure (Table 1) demonstrated that the centurion sandal and multiple looped technique had the lowest failure rates, completing an average of 8.5 and 8 cycles, respectively. The double-loop technique completed an average of 7.5 cycles, while the centurion sandal technique with Steristrips or plastic ties completed an average of 7 cycles. There was evidence of a difference in displacement between groups (P < 0.01). The least displacement was in the centurion sandal with plastic ties (average 1 mm). The double-loop technique showed displacement of 2 mm on average; the centurion sandal with Steristrips showed displacement of 2.4 mm on average and the centurion sandal showed displacement of 3.6 mm on average. There was no evidence of a significant difference between the centurion sandal with plastic ties, the double loop, centurion sandal with Steristrips and the centurion sandal alone. However, displacement was highest for the multiple-looped method, with an average of 6.8 mm, which was significantly different from the centurion sandal with plastic ties (P < 0.01), the double loop (P < 0.01) and centurion sandal with Steristrips (P < 0.01). There was no evidence of a statistically significant difference between the multiple-looped method and the centurion sandal (P = 0.12). The quickest fixation method to perform by the surgeon was the double loop, with average time of 21 seconds. The centurion sandal took an average of 23 seconds, the centurion sandal with Steristrips took an average of 27 seconds, and the centurion sandal with plastic ties took an average of 28 seconds. The multiple looped method took the longest time, with an average of 33 seconds.
Discussion
Our survey is consistent with another study, which found that the majority of their surgeons used the centurion sandal for chest drain fixation. 9 The hybrid method of centurion sandal with plastic locking ties was the most secure at the drain fixation junction, with a displacement of an average of only 1 mm before the suture fractured. We were unable to locate the original description of the centurion sandal (otherwise known as the 'roman sandal' or 'roman garter' or 'lattice' fixation) in the literature, although many modifications of this method have been described. 3, 10 Initial observations of the centurion sandal fixation method in our laboratory showed that it did have a good hold on the drain, which increased when the drain was under a little tension. However, if a centurion sandal suture retracts towards the wound 'like a sock falling down' it loses its security. This can be a result of patient movement postoperatively. We believe that our hybrid combination of the centurion sandal and the application of two plastic locking ties along its length was superior to the other methods we tested for two reasons. First, it added increased security to the fixation method by snugly applying circumferential tension around the lattice suture against the drain, in two places. Second, it kept the centurion sandal in place and prevented loosening and 'falling down' towards the wound. In comparison to the method described where one tie is used around two loose suture strands, our hybrid has the advantage of using a well-known fixation method, the 
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centurion sandal, with its own merits for drain securement, as well as the positive addition of the ties. 4 The application of Steristrips to the centurion sandal in our study had an average of 1.4 mm more displacement than the hybrid version with the plastic ties, but performed well for the same reasons as our proposed solution. However, in this experiment, the laboratory area was dry and in the hospital setting it may be exposed to moisture and lose its adhesiveness. The centurion sandal alone fixation method also always failed at the suture site and did not pull through on any cycle; however, it did have some increased displacement compared with the two former methods.
Many of the methods described in the literature are probably enthusiastically used by their authors. 4, 5, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] Technical reports are often modifications of existing methods used by surgeons in practice. 28, 29 Although the methods using adhesive methods alone may work well in a hairless, dry operative setting, we were more interested in the securement by suture methods. [22] [23] [24] The aim of many of the studies looking at securing the drain internally, be it through the drain or through the drain holes, were keen to use Prolene® or nylon to avoid the braided silk alternative. [17] [18] [19] [20] [21] There is a question over whether the suture in the lumen of the drain may prevent clots from being drained in these methods. All the externally based drain fixation methods, except one, use silk, for its quality of increased friction against the external wall of the drain. 5, [11] [12] [13] [14] [15] [16] Three methods were inspired by tying methods used in sailing and fishing. 5, 14 In our literature search, we only found one study that subjectively tested postoperative drains by pulling them manually out of a mannequin after their fixation by consultant surgeons and registrars. 9 Another study did a comprehensive comparative analysis on the pullout force resulting from continuously applied force to five commonly used fixation methods to secure an external ventricular drain, used in neurosurgery in the treatment of hydrocephalus. 8 The authors extended the study further by testing ten more options by mixing a few methods in the same drain fixation and identified a maximum pullout force of 30 N for the best method. Although there were differences in size, nature and design of the drain in this study, as compared with the drain being tested in our study, this is the only study we found that compared different fixation methods. A strength of our study is our pragmatic approach, in that the fixation application mimicked real-life intermittent forces on the drain. We concentrated on the interface of the fixation method and the drain itself, removing the suture skin interface as an additional factor. However, the findings need to be interpreted in the context of the study's limitations. Our survey was conducted on one site and we only focused on one type of drain. Although this drain is commonly used, it would be interesting to also examine the softer silicone drains.
Clinically, if a surgeon opts to use a surgical drain, it is important for the patient's postoperative course. The tolerance for ingression or falling out of a drain is extremely low. For example, the premature fall out of a drain in the confined area of the neck could lead to dire consequences if a haematoma suddenly developed. Ingression of a drain after a partial hepatectomy would lead to a further operation for its retrieval, in an already compromised patient. 2 Without further modification and testing, we cannot recommend the use of the double-or multiple-loop methods clinically, owing to full slippage of the drain in our study. Although further clinical studies would be necessary, we feel the addition of the plastic ties to the well-trusted centurion sandal method would reduce any chance of displacement and would add security in the clinical setting. We found that the plastic locking ties we used were cheap, readily available and amenable to sterilisation. The application of Steristrips to the centurion sandal tie is a recommended alternative in a dry operative site.
Conclusion
Our study increases confidence in the use of the centurion sandal method, especially with the application of plastic ties or in a moisture-free setting, the addition of Steristrips. We would not recommend the double-or multiple-loop method used in this study. Further research is necessary to test our findings in the clinical setting. CS, Centurion sandal method; SD, standard deviation. a n = 9. b n = 7; each cycle exposed the drain to a gradual increase of tension to 30 Newtons. This was repeated until the fixation method failed.
